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From a study of the kinematic properties of the nal state produced in the semileptonic
decays b! X`
`
, the inclusive charmless semileptonic branching ratio of b hadrons is
measured. With a sample of 3.6 million hadronic Z decays recorded between 1992 and













represents any charmless hadronic state and















where the last error comes from the conversion of the branching ratio to the CKM matrix
element squared.
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1 Introduction and method
Charmless semileptonic B meson decays have already been studied in both exclusive and
inclusive channels in (4S) decays [1, 2]. From an experimental point of view exclusive
searches are somewhat easier because the nal states are well constrained, allowing mass
peaks to be directly searched for. As a drawback, large theoretical uncertainties aect the
transition amplitude, thus leading to model dependent measurements of the CKM matrix
element jV
ub
j. For this reason, inclusive measurements have been made, from an excess of





vanishes (2:3 < p < 2:6 GeV=c). However, from this small region of the lepton





j, leading again to a model dependent measurement. In addition, this technique
cannot be applied eciently at LEP since the momentum of the lepton in the b hadron
rest frame cannot be reconstructed with sucient accuracy. Furthermore, this method
requires the B ight direction and therefore the B decay vertex to be reconstructed, which
introduces dierent eciencies for nal states X
u
with dierent charged multiplicities.
The model dependence can be reduced if the hadronic system in b! X`
`
candidates




decays are expected to have




, i.e., below charm threshold [3, 4],while only
10% of these decays have a lepton with energy E
?
`
above the kinematic boundary for
b! c transitions. This paper presents an inclusive measurement based on the dierent













, the two b hadrons produced in Z! b

b events are emitted almost back
to back in two opposite hemispheres with an average energy of 32 GeV, and their decay
products do not mix. This is a favourable situation compared to the (4S) decays where
the two b mesons are produced almost at rest. On the other hand, the fragmentation
process of a b quark to a b hadron radiates on average 13 GeV divided among several
particles, leading to a dilution of the signal. It is therefore a major challenge of the
analysis described in this paper to isolate particles from B decays and particles from
fragmentation. This separation can only be statistical, thus degrading the resolution on
the hadronic mass M
X
. The information can be retrieved by considering several other
variables that keep memory of the kinematics of the decay process.









nal states was therefore developed.
1. All the quantities are measured in the b hadron rest frame. Their determination
requires the identication, with good eciency, of the particles produced in the nal
state X`
`
, and the rejection, with highest possible eciency, of the particles coming
from fragmentation.








transitions, taking advantage of the dierent properties of these nal
states. In order to reduce the sensitivity of the measurement to the composition of
the X
u
hadronic system (i.e., to have similar eciencies for all nal states), both
charged particles and photons are used in the evaluation of these variables.
3. To enhance the discriminating power, these variables are combined (here, with a





























decays [4] and b) lepton
momentum distribution calculated in the b-hadron rest frame. In the two plots, the shaded
area indicates the region inaccessible to b! c transitions. These two distributions are
the predictions of the hybrid model [5] (see Section 4.2 for more details). They do not
include smearing eects due to fragmentation particles and detector resolution.
2
to the part of the neural network output distribution enriched in b! u transitions.
Finally, the most recent theoretical results allow the value of jV
ub
j to be extracted from




) with an uncertainty of the order
of 4% [36].
2 The ALEPH detector
The ALEPH detector [6] and its performance [7] are described in detail elsewhere. Only a
brief account of the parts of the apparatus relevant for this analysis is given here. Charged
particles are detected over the range jcos j < 0:95, by an inner drift chamber (ITC) and
a large time projection chamber (TPC), complemented by a silicon strip vertex detector
(VDET) made of two layers of radius 6.5 and 11.3 cm and angular coverage jcos j < 0:85
and j cos j < 0:69. The three tracking detectors are immersed in a magnetic eld of 1.5 T






for high momentum charged particles.
The impact parameter of the tracks of charged particles with momentum in excess
of 10 GeV/c and reconstructed with two VDET coordinates is measured by the tracking
system with a precision of 35 microns with respect to an event-by-event interaction point.
This resolution allows Z! b

b events to be selected by exploiting the longer lifetime of b
hadrons with respect to other hadrons, with an algorithm based upon the track impact
parameter measurement described in [8].
In addition to its ro^le as a tracking device, the TPC also serves to separate charged
particle species with up to 338 measurements of their specic ionization, dE=dx. It allows
electrons to be separated from pions by more than three standardro deviations up to a
momentum of 8 GeV/c.
The electromagnetic calorimeter (ECAL), which surrounds the tracking detectors
inside the superconducting solenoid, is used, together with the TPC, to identify electrons
and photons from the characteristic longitudinal and transverse proles of their associated
showers [7]. It consists of 45 layers of lead interleaved with proportional wire chambers,
and covers the angular region jcos j < 0:98. The relative energy resolution achieved for
isolated electromagnetic showers is 0.18/
p
E (E in GeV).
Muons are identied by their penetration pattern in the hadron calorimeter, composed
of the iron of the magnet return yoke interleaved with 23 layers of streamer tubes, and
by muon chambers made of two layers of streamer tubes surrounding the calorimeter.
Typical identication eciencies of 65% and 85% are obtained for electrons and muons
while the hadron misidentication probabilities are respectively of the order of 0.1% and
1% [9].
The total visible energy is measured with the energy-ow reconstruction algorithm
described in [7]. This algorithm also provides a list of charged and neutral reconstructed
objects, called energy-ow particles in the following.
3 Selection and reconstruction of the b hadron
Hadronic Z decays are selected following the method described in [10]. A total of 3.6
million events are selected during the period 1992 to 1995. Each event is divided into two
3
hemispheres using the plane perpendicular to the thrust axis, and the polar angle of this







events are selected and the boost of the b hadron reconstructed
as follows.
 At least one identied lepton with p > 3 GeV/c is required.
 The b lifetime tag [8] is applied to the hemisphere opposite to the lepton candidate.
This selects about 25% of the b hemispheres, while reducing the non-b contamination
to less than 2%. The sample obtained contains 47 672 hemispheres of which 19 803
have an electron candidate and 27 869 a muon candidate.
 The three-momentum vector ~p

of the neutrino is estimated from the missing
momentum of the lepton hemisphere [11], the visible energy being computed with
all the energy-ow particles. Typical resolutions on the neutrino direction of 280
mrad and of 2 GeV on its energy are obtained.
 The selection of the particles originating from the hadronic system X is performed
using two neural networks, one to select photons and the other charged particles.
Neutral hadronic energy ow particles (K
0
L
, neutrons, ...) are not used here since
they contribute only 4% of the energy of the hadronic system in b! u transitions,
while 14% in the fragmentation process. The choice of the input variables, listed in
the Appendix, is based on the fact that particles from b decays are more energetic,
closer to the lepton and to their nucleated jet axis (see the Appendix for the
denition of this axis) than particles from fragmentation and do not originate from
the primary vertex of the event. The outputs NN

for photons and NN
c
for charged
particles are shown in Fig. 2 for simulated particles from fragmentation and from b
hadron decays. The separation is better for charged particles than for photons due
to the use of the track impact parameter. Figure 3 shows the comparison between
data and Monte Carlo. A discrepancy of 20% can be seen at low values of NN

where
the contribution of photons from fragmentation is dominant. The disagreement is
mainly due to inaccuracies in the simulation of low energy photons and neutral
hadrons, which are more numerous in the Monte Carlo than in the data. This eect
is corrected by removing 20% of photons from fragmentation in the simulation,




(Fig. 2) allows particles coming from the hadronic
system X to be selected with an eciency of 85% and purities of 80% and 75% for
b! c and b! u transitions, respectively. Other clustering algorithms were used
as a check of which the best one was found to be \BTCONE" [12], giving a 10%
worse purity for the same eciency. The systematic eects related to the choice of
clustering algorithm are studied in Section 8.4.
The b hadron rest frame is then reconstructed by adding the momenta of the lepton, the
neutrino and the selected particles. The total energy is determined by assigning a mass
of 5.38 GeV/c
2
to the total system. The average value of the reconstructed b energy is
32.18 GeV for the data and 32.05 GeV in the simulation, with 58% coming from charged
particles, 17% from photons and 25% from the neutrino. The momentum and angular













0 0.2 0.4 0.6 0.8 1
NNγ
Figure 2: Neural network output for charged particles (upper plot) and photons (lower
plot). The solid histogram is for tracks coming from B decays (with 1% of b! u
transitions) and the dotted one is for tracks produced in the fragmentation. The two
Monte Carlo distributions are normalized to the same area. The dashed vertical lines






















































4 Simulation of semileptonic decays of b hadrons
4.1 Simulation of b! c transitions
Samples of 4.5 million Z! qq events and 1.5 million Z! b

b events were simulated with a
generator based on the JETSET 7.4 parton shower model [13]. The following corrections
were applied according to the most recent measurements [14].







mesons and of the 
c
baryons were modied
to reproduce those given by the MARKIII Collaboration [15] and the Particle Data
















applies for nal states containing i charged particles).





done with the predictions of the ACCMM [17] model tted on the CLEO data [18].
This corresponds to a fraction of D

and nonresonant D +D

 (produced with
equal rates) of 18% with respect to all X
c
hadronic nal states.
3. The c! ` spectrum is obtained by reweighting the energy spectrum given by
JETSET in the centre-of-mass system of the decaying c hadron so that it reproduces
the DELCO [19] and MARKIII [20] data combined.
4. The b! c! ` momentum spectrum is obtained with the previous corrections for
the c! ` part and the CLEO data [21] for the B! D part.




), Br(b! c! `) and of the b fragmentation parameter
hX
b
























The related systematics will be discussed in Section 7.1.









transitions (about 15 times the number of events expected)
has been simulated using the hybrid model described in Ref. [5]. At low hadronic
energy (below 1.6 GeV), only resonant nal states are produced, while for large energy,
nonresonant multi-pion nal states are expected to dominate. The choice of the cuto
 used to dene the two regions is based on an analogy between the hadronic nal
states found in semileptonic B decays and the corresponding nal states produced in





transitions for a cuto value of 1.6 GeV.
In the bound states region ( < 1:6 GeV), the predictions of the ISGW2 model [23]
are used. With this value of , the pseudoscalar, vector and heavy (1S, 2S and 1P) states
represent respectively 17%, 46% and 37% of the resonant states.
7
In the nonresonant region (  1:6 GeV), the inclusive model of Dikeman, Shifman
and Uraltsev (called DSU in the following) is used to predict the invariant mass
distribution of the hadronic system X, the momentum transfer (q
2
) distribution of the
virtual W and the lepton momentum spectrum [24]. This model is based on the Heavy
Quark Expansion theory and has been already used to describe the b! s transitions.
It depends on two parameters, the mass m
b
of the b quark as determined in Ref. [25] and
the kinetic energy operator 
2

of the b quark in the b hadron estimated by the QCD sum
rules to be (0:4 0:2) GeV
2





of the lepton momentum
distribution, q
2
and the invariant mass of the hadronic system X
u
is shown in Ref. [3].
Systematics related to this simulation are described in Section 7.2.









signal decays and the background from b! c
transitions is based on the fact that the c quark is heavy compared to the u quark, leading
to dierent kinematic properties for the two nal states. Because of resolution eects,
this separation cannot be optimal with a single kinematic variable such as M
X
and is
considerably improved by combining in a multivariate analysis informations characterizing
the leptonic part and the hadronic part. To take into account the correlations between
the dierent variables, a neural network is used here, the output of which is called NN
bu
in the following.
The quantities used to build the input variables are: sphericities, multiplicities,
energies, invariant masses, the momenta and transverse momenta of particles, etc. All





in the reconstructed b hadron rest frame. The choice of the input variables is based on
the following requirements:









2. A reduced sensitivity to the composition of the X
u
system (for instance, no vertexing
is used to build the input variables of NN
bu
).
In addition, a good agreement between data and simulation for the selected variables and
for their correlations is required. This led to a set of 20 variables (listed in Appendix) used
as inputs of a 20-15-10-1 multi-layered neural network. The discrimination between signal
and background and the comparison between data and Monte Carlo are shown in Fig. 4
and Fig. 5 for four of the 20 variables. A similar agreement between data and Monte Carlo
is observed for the other variables. The neural network output obtained with simulated
Z! b










Although a better separation than with each individual variable is achieved, a signicant
background remains in the signal region of high NN
bu
and is the main source of systematic
uncertainty in the analysis (see Section 7). Figure 7 shows a breakdown of the background
into its main components. As expected, the largest contamination in the signal region is
from X
c
= D or D





 systems, and for
cascade decays where the lepton is less energetic, the contamination is smaller. Figures 8




























0 1 2 3 4
(GeV)V(8)





background b! c transitions (dotted lines) for four variables used as input of
NN
bu






















(i) refer to the
transverse and longitudinal momenta of the particles i of the lepton hemisphere, ordered by
decreasing energy values. V(4) is the invariant mass of the two most energetic particles,
V(5) is the charged particle multiplicity and V(8) is the energy of the lepton in the
reconstructed b hadron rest frame. The particles which enter in the denition of these




(see Section 3). The two reconstructed































































Figure 5: Comparison between data (points) and Monte Carlo (histogram) for the four
input variables of gure 4.
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non strange resonances [16] (denoted










 0:8. The related systematics are discussed in Section 7.2.



















 0:6 78 69 58 52 67 49 43 67 49
NN
bu





0 0.2 0.4 0.6 0.8 1
NNbu
Figure 6: Output of NN
bu




transitions (solid lines) and background















a) b → c l νl









0 0.2 0.4 0.6 0.8 1
b) B → D l νlB → D* l νl
B → D** l νl

















 → 1 prong
D+ → 3 prongs






0 0.2 0.4 0.6 0.8 1
d) D
0
 → 0 prong
D0 → 2 prongs
D0 → 4 prongs
D0 → 6 prongs
NNbu
Figure 7: Breakdown of the b! c background into its main components. a) Comparison
between direct b! c`
`
and casdade b! c! ` transitions; b) comparison between
dierent hadronic nal states X
c




























Figure 8: Output of NN
bu

























, f) B! !`
`
, g)
B! (f + a + b)`
`




and i) B! (n)`
`
. The dierent contributions















B → P l νl
B → V l νl
B → (n pi) l νl
Λb → p (n pi) l νl
NNbu




contribution into resonant pseudoscalar (P) and
vector (V) states, nonresonant b meson decays and 
b
decays. The histograms are
normalized to the number of entries in the data.
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6 Result
Figure 10 shows the NN
bu
distribution for the Monte Carlo and data after all the selection









, b! c! ` decays and from other sources. Table 2 gives the
number of entries in each bin of Fig. 10 for each of these sources. The number of entries




corresponds to the measured branching ratio obtained below. The





branching ratio, as this reduces sensitivity to the assumed eciencies of
the analysis cuts. Furthermore, the rst bin of the NN
bu
distribution is excluded in this
normalization process as this minimizes the eects of the uncertainties of background




and b! c! `, in the t. The inuence of this procedure on
the systematic errors is discussed in Section 7.1. The branching ratio is then tted from
































where  is the free parameter of the t and  is the coecient used to normalize data



















In the calculation of the normalization parameter , the sums run over the bins with
NN
bu

















) is the value used as input in the simulation.
The value NN
cut
= 0:6 has been chosen as it leads to the smallest total relative error (see
Fig. 15). This corresponds to an eciency of 50% for the signal. Good agreement is
observed between data and Monte Carlo in the b! c region (i.e., NN
bu
< 0:6) while
there is an excess of (303  88) events in the signal region which is compatible both in














where the statistical error has a 0:4810
 3
contribution from the data and 0:2810
 3
from the limited Monte Carlo statistics. If the t is done separately for electrons and









7 Studies of systematic uncertainties
The uncertainties have two origins: the errors associated to the b! c transitions and
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Figure 10: Neural network output NN
bu
: a) and b) comparison between data (points)
and Monte Carlo (histogram), c) dierence between data and Monte Carlo with no b! u
transitions (points) compared to the b! u contribution (histogram), and d) dierence
between data and Monte Carlo with the tted value of b! u.
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nal total error has been symmetrized.







Photons from fragmentation 10% 0:12
Boost of the b hadron (see text) 0:07
B
s
production rate (11:2  1:9)% 0:01

b
production rate (11:3  2:3)% 0:07

b























4-body rate in 
b
SL decays (20  20)% 0:12
B! D modelling (see Ref. [14]) 0:04
c! ` modelling (see Ref. [14]) 0:14
Br(b!  ! `) 14% 0:01
Br(b!  ! `) 18% 0:00
Br(b! c! `) 50% 0:00
c hadron topological B.R. (see text) 0:34









2:59  0:52 0:04

c
! nX 0:50  0:16 0:07
Electron ID eciency 2% 0:03
Photon conversions 10% 0:00
Electron background 10% 0:00
Muon ID eciency 2% 0:05
Decaying hadrons 10% 0:00
Punch-through 20% 0:04
Punch + decays shape 0:04
Total b! c systematic uncertainty 0:51
Value of the cuto  0 GeV!1
+0:06
 0:10







modelling (see text) 0:04
Total b! u systematic uncertainty 0:21
Total systematic uncertainty 0:55
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7.1 b! c transitions
The systematic uncertainties associated to the background arise from the limited
knowledge of the fragmentation process, the relative production rates of b hadrons, their
decays and those of the c hadrons produced from these decays.
7.1.1 The fragmentation process
The disagreement observed between data and Monte Carlo in the fragmentation region of
the NN

distribution was taken into account by reweighting the events in the simulation
so that the number of photons from fragmentation is varied by 10%. Since more than
80% of photons from fragmentation have an energy smaller than 2 GeV, no attempt for an
energy dependent correction was made. The track impact parameter distribution which
plays a major ro^le in NN
c
is corrected as in Ref. [27] and no systematic uncertainty is
assigned.
7.1.2 Production of b hadrons
The distribution of the b hadron reconstructed boost (as well as its mean value) shows
a slight disagreement between Monte Carlo and data. The Monte Carlo events were
therefore reweighted so that this distribution matches the observed one, and the analysis




) values obtained with and
without this correction was taken as the systematic.
The systematic uncertainties associated with the 
b
production were also investigated.
First, the fraction of 
b
baryons [28] was varied because the shape of the NN
bu
distribution
diers from that of the B mesons. The shape of the NN
bu
distribution associated with B
s




, and a variation of the fraction of B
s
mesons




) [16]. The momentum distributions
of the lepton and the neutrino were modied according to the measured value of the 
b
polarization [29].
The small residual contamination from Z! cc events in the selected lepton sample is
governed by the eciency 
lifetime
c







on this eciency is estimated to be 13% [8], giving a negligible




) due to the high purity of Z! b

b events in the selected sample.
7.1.3 Decay properties of b hadrons







) arising from the statistical uncertainties
on Br(b! `), Br(b! c! `) and hX
b
i is calculated propagating the statistical errors
given in Section 4.1 and taking into account their correlations. This leads to an error






) mainly due to the uncertainty on hX
b
i. Neglecting
correlations induces a negligible change in the error because of the very small sensitivity




) and Br(b! c! `) introduced by the normalization
procedure, showing that the result is not sensitive to the knowledge of the statistical
correlations.
The systematic errors induced by the modelling of b! c transitions have been
evaluated varying the parameters of the model. Since the lepton p and p
?
spectra are
very precisely measured [22], a variation of the parameters of the model produces also
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), Br(b! c! `) and hX
b
i (see Table 4). These changes





Br(b! c! `) (in %) and on hX
b
i taken from Ref. [22].
































Electron ID eciency +2%  0.12  0.13  
Photon conversions +10% +0.02  0.08  0.0004
Electron background +10%    0.02  0.0001
Muon ID eciency +2%  0.11  0.07  0.0001
Decaying hadrons +10%  0.11  0.07  0.0002
Punch-through +20% +0.01  0.16  0.0001
Punch + decays shape +0.08  0.03  0.0015
Br(b!  ! `) +14%  0.02 +0.01  0.0001
Br(b!  ! `) +18%  0.04  0.06 +0.0005
Br(b!W! `) +50% +0.01  0.14  0.0001





As shown by Fig. 7, the shape of the NN
bu
distribution for b decays into D

is dierent
from the shapes for the decays into D and D






(18  10)% according to the predictions of the ACCMM and ISGW2 models and taking




), Br(b! c! `), and hX
b
i results in a









. If the correlations were ignored, the variation
would be larger by a factor of eight.
To verify that this cancellation caused by the experimentally known lepton spectrum




), Br(b! c! `), and hX
b
i and




) were modied. To do so, the t was repeated,
including or not the rst two bins of the NN
bu
distribution. As shown in Table 5, the




) does not change signicantly in the three ts while, for




) decreases by a factor of ve when the rst bin is
removed and by a factor of ten when the rst two bins are removed.




) value and on the




 from 18% to 28% (see the


















without correlations with correlations
0.0 1:69 0:50 +1.04 +0.14
0.1 1:73 0:55 +0.61 +0.06
0.2 1:71 0:60 +0.45  0.10
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To verify that this cancellation is not accidentally due to the specic shape of the
b! c background, its shape was modied changing other parameters of the model (i.e.,
the topological branching ratios of the D mesons) and the procedure to evaluate the




) fraction was repeated. No signicant change







has been varied by 1:00:5 [30] for a given lepton momentum
spectrum, to take into account the fact that the invariant mass distribution is broader in




) of 0:04  10
 3
.






, in the semileptonic decays of the 
b
is
varied by (20  20)% [32].
The modelling of the b! c! ` transitions is studied by tting the DELCO and
MARKIII data with the ACCMM model for the c! ` part, and by using the measured
B! D spectrum from CLEO for the b! c part [14].
The impact of prompt leptons coming from other b decays (b!  ! `, b!  ! `
and b! c! `) is negligible.











7.1.4 Decay properties of the c hadrons
Since the analysis is sensitive to the charged multiplicity, the neural network output
for background transitions has dierent shapes for dierent numbers of selected charged
particles, hence the analysis is sensitive to the uncertainties on the topological branching
ratios B
i
. The associated systematic uncertainty is estimated as in Ref. [27]. The
systematic uncertainties associated to the dierent channels are given in Table 6. In




) due to the topological
branching ratios of D mesons.









! 1 prong 0:384  0:023 0:13
D
+
! 5 prongs 0:075  0:015 0:07
D
0
! 0 prong 0:054  0:011 0:16
D
0
! 4 prongs 0:293  0:023 0:09
D
0
! 6 prongs 0:019  0:009 0:02
D
s
! 1 prong 0:37  0:10 0:18
D
s
! 5 prongs 0:21  0:11 0:05
the MARKIII analysis [15], the systematic uncertainties on the topological branching




mesons represent about 50% of their total error, of which half
due to their charged particle track selection. This last contribution is then treated as fully
correlated among the dierent channels, and added linearly to compute the systematic








are dominated by the statistical uncertainties and are therefore added in quadrature.
Since no measurement is available for the topological nal states of the 
c




= 0:10 and B
5
= 0:11, the central values being given by the Monte Carlo.







The systematic uncertainty due to the knowledge of the neutral multiplicity was
evaluated varying the number of 
0







) according to the results of Ref. [15].
The sensitivity of the neural network output to resonant decay modes of the D


















mesons by varying the associated branching ratios within their measured




) is negligible since none of the input variables
has explicit resonance selection criteria in its denition. The most important eect
comes from the nal states containing an energetic neutral hadron (not considered in
the reconstruction of the hadronic system X) as they are in turn characterized by low
multiplicities and small reconstructed invariant masses. For the 
c











! pX and 
c
! nX were considered. The largest eect comes
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decays with (solid line) and without (dotted





are associated to dierent topological channels, their associated
neural network outputs have dierent shapes, hence the analysis is sensitive to the ratio




= 2:59  0:52 [16]).
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As stated earlier, the neural network variables were chosen to minimize the model
dependence of the measurement. Figure 12 shows the distortions of the lepton momentum
and of the hadronic mass spectra with the cut on NN
bu
. It can be seen that even if
NN
bu
is correlated with the two distributions, the cut NN
bu
> 0:6, which is used in the
analysis, selects events with E
?
`
as low as 1 GeV and with any hadronic mass, illustrating
that the method has reduced model dependence. The residual model dependence of the




































Figure 12: a) Lepton energy distribution in the b hadron centre-of-mass frame, and b)
invariant mass of the hadronic system obtained in b! u`
`
transitions with a cut on
NN
bu
at 0.0 (solid lines), 0.6 (dashed lines) and 0.8 (dotted lines); c) (resp. d)) shows
the ratio of histogram a) (resp. b)) with cut at 0.6 (points) and 0.8 (triangles) to the
histogram with no cut.
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The energy cuto parameter  is varied to produced either only nonresonant or only







and  0:10  10
 3
, conrming a small sensitivity to the details of the X
u
nal state. Then, with a cuto parameter at the nominal value of 1.6 GeV and using the
DSU model for the inclusive part, the exclusive model is changed from ISGW2 to that
implemented in JETSET 7.4 [13]. This changes the branching ratio by  0:05  10
 3
.
Further, again with  = 1:6 GeV, the inclusive part is changed from DSU to ACCMM
and the parton [33] models with the exclusive part xed as ISGW2. This gives a change
of  0:18  10
 3
for ACCMM and  0:08  10
 3
for the parton model. The systematic




) is then obtained by taking the largest variation between











The lepton momentum, the hadronic invariant mass and the q
2
distributions obtained
with these three models are shown in Fig. 13.
Since there are no theoretical predictions for the charmless semileptonic transitions
of the 
b







transitions, and (ii) multi-body decays 
b
! [(p or n) + n]`
`
. The




) with the two options is taken as the systematic.
7.3 Summary





) are summarized in Table 3. The uncertainty due to the modelling of the
b! u transitions is a factor of two smaller than the error due to the b! c transitions.




















Since this analysis is based on the comparison of the NN
bu
distribution between data
and Monte Carlo, it is interesting to see how data and Monte Carlo agree in the signal
region when events with a reconstructed D meson are selected. The agreement observed




transitions are well simulated in the region where an
excess of events is to be observed (see Fig. 14). However, this test has a limited statistical
accuracy in the signal region.
8.2 Fit region dependence




) has been done separately in each of the last ve bins
of the NN
bu
distribution and the results are summarized in Table 7. This table shows that
all the measurements agree within the statistical errors and that the last four bins have





a function of the cut on NN
bu
. Its value is seen to be stable within the variation allowed
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Figure 13: a) Lepton momentum, b) hadronic invariant mass, and c) q
2
of the virtual W
for signal events as predicted by completely inclusive models: DSU model (solid lines),
ACCMM model (dashed lines) and the parton model (dotted lines). d) shows the eect
of the inclusive modelling on the NN
bu
output obtained with the hybrid model using
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Figure 14: Neural network output NN
bu

























). a) comparison between
data (points) and Monte Carlo (histogram); b) ratio data/Monte Carlo as function of the
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total error
statistical error
b → c error






















) obtained for dierent cuts on
NN
bu
. The uncorrelated statistical errors are calculated with respect to the cut at 0.6; b)
Relative errors obtained for the dierent cuts.
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) obtained for each of the ve last bins of NN
bu
. The rst
error is statistical and the second is systematic.







0.5-0.6 2:2 3:7 2:0
0.6-0.7 2:8 1:9 1:0
0.7-0.8 1:8 1:5 0:9
0.8-0.9 1:5 0:9 0:6
0.9-1.0 1:8 0:9 0:6
8.3 Detector eects
To quantify the eect of the detector resolution, the analysis has been repeated by
replacing the real data events by Monte Carlo events with particle momenta computed





) since, for example, all photons from 
0
decays are separated at this level,
thus leading to neutral multiplicities very dierent from the reconstructed ones, used in




) value is decreased by
50% compared to the value used as input in the simulation, indicating that the detector
eects related to subtle inaccuracies in the simulation can only have a minor inuence on
the nal result.
The eect of the resolution on the neutrino energy and polar angle have been checked
by reweighting the events according to their generated distributions so that they reproduce





8.4 Change of the input variables
The standard analysis was changed in the following way: the BTCONE algorithm was




to select the particles which enter the denition of the
input variables; 15 of the 20 variables were replaced by 15 new variables; the new set
of input variables was computed in the laboratory frame and was used as input of a
new neural network called NN
0
bu
. This introduces a sensitivity of the analysis to b




) and of hX
b
i as
a consistency check. The denition of the input variables is given in the Appendix. As
for the standard analysis, the comparison between the data and the simulation without
b! u transitions shows an excess of events in the signal region (see Fig. 16). The one



















i = 0:711  0:005
stat
. The results are in
agreement with the standard analysis.
8.5 Neutral hadron production
Since neutral hadrons are not considered when reconstructing the b hadron, a bad




nal states involving energetic neutral hadrons would alter the
background NN
bu
distribution at high values (low reconstructed mass, low multiplicity)
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Figure 16: Neural network output NN
0
bu
: a) and b) comparison between data (points)
and Monte Carlo (histogram), c) dierence between data and Monte Carlo with no b! u
transitions (points) compared to the b! u contribution (histogram), and d) dierence
between data and Monte Carlo with the tted value of b! u.
29
Figure 17 shows the neutral hadronic energy reconstructed in a 30

cone around the lepton
for dierent cuts on NN
bu
. Good agreement is observed between data and simulation for
all the cuts. In particular, no excess/decit appears in the data when the cut on NN
bu
is








in D meson decays, as a consistency check. The results are summarized in Table 8.
They are in agreement with each other and with the average value of (24:5  4:4)%




































Figure 17: Neutral hadronic energy deposited in a 30

cone around the lepton.
Comparison between data (points) and Monte Carlo (histogram) for several cuts on NN
bu
.








> 0:9) often contain a
badly reconstructed hadronic system X
c
with unusually low multiplicity and mass.







system is not peaked at 5.4
GeV=c
2
but has a rather broad distribution, in contrast to well reconstructed b! u






0 2 4 6 8 10 12 14(GeV)Neutral hadronic energy (Ehad)
Figure 18: Simulated neutral hadronic energy deposited in a 30

cone around the lepton for
events with (dashed histogram) and without (solid histogram) K
0
L
. The two contributions




























































Figure 19: Invariant massM
rec
B
of the reconstructed X`
`
system in the region NN
bu
> 0:9.
a) Comparison between simulated b! u (solid histogram) and b! c (dotted histogram)
transitions (the two distributions are normalized to the same area); b) comparison between
data (points) and Monte Carlo. The hatched histogram is for b! c transitions and the
open one describes the b! u contribution. c) Dierence between data and Monte Carlo
with no b! u transitions (points) compared to the b! u contribution (histogram), and
d) dierence between data and Monte Carlo with the tted value of b! u.
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Table 8: Average values, obtained for dierent cuts on NN
bu
, of the neutral hadronic
energy E
had
(in GeV) deposited in a 30

cone around the lepton, and tted values of the
inclusive production rate of K
0
L















0.0 2:66 0:01 2.69 24:2  1:0
0.6 2:55 0:04 2.56 24:7  2:0
0.8 2:41 0:07 2.36 24:0  4:4
0.9 2:10 0:15 2.10 17:9  9:0
distribution. Good agreement is observed between data and Monte Carlo except in the





where an excess of events is seen to be compatible with




transitions. This exercise cannot be repeated with the
hadronic invariant mass M
X
since, as mentioned above, the selection of events with NN
bu
larger than 0.9 biases the background towards low (badly reconstructed) M
X
(Fig. 20).
8.7 Evidence of b! u transitions in the vertexing
Since no vertexing information is used in the input variables, an independent signature of
b! u transitions at high values of NN
bu
can be constructed. A common vertex between
the lepton candidate and the charged hadronic system X
ch
is reconstructed and the
corresponding 
2
calculated. To select only well dened secondary vertices, a cut at 0.2
on the 
2
probability is applied [34]. The eciency of this cut is then determined for data
and Monte Carlo events for dierent cuts on NN
bu
. Because of the c hadron lifetime, this
eciency is expected to be smaller for b! c compared to b! u transitions (Fig. 21a).
This eect becomes even more important at high values of NN
bu
because the b! c events
which populate this region, (i) have small charged multiplicity, and (ii) are often not well
reconstructed, as already discussed, thus giving a poor vertex t (Fig. 21b). Figure 22
shows the ratio of these eciencies between data and simulation with and without b! u
transitions. No dependence on NN
bu
is seen if the data are compared to the simulation
including b! u events, while this ratio increases with the cut on NN
bu
with pure b! c
simulated events, indicating the presence of b! u transitions in the data at high NN
bu
values.





Finally, the 192 data events with NN
bu
> 0:9 have been visually inspected to search for




transitions. A total of 35 events is expected to come from





















0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
(GeV/c2)
a)






0 0.5 1 1.5 2 2.5 3
(GeV/c2)
b)
Reconstructed hadronic invariant mass
Figure 20: Comparison of the reconstructed hadronic invariant mass M
X
in simulated
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Figure 21: Probability of the lepton-X
ch






























Figure 22: Ratio of vertexing eciencies between data and Monte Carlo as a function of
the cut applied on NN
bu
, with (black circles) and without (open circles) b! u transitions
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The right plot shows a close up r view of the interaction point with the 3 ellipse





candidates, while the upper left insert shows the energy deposited in the




9 Determination of jV
ub
j
The value of jV
ub
j is determined from the measurement of the inclusive charmless
semileptonic branching ratio of b hadrons by using the relation obtained in the framework
























is the average b hadron lifetime. With 
B



















where the last error comes from the uncertainties on m
b
and on higher-order perturbative
corrections [36].
This measurement yields jV
ub
j = (4:16  1:02)  10
 3
in agreement with the value
(3:3 0:8)  10
 3
derived by CLEO using exclusive nal states [2]. In contrast to the




, those assigned to jV
ub
j are not Gaussian and ought to be








at the 95% condence level, instead of the 2:04 10
 3
that
could be naively derived from the previous equation.
10 Conclusion









, the inclusive charmless semileptonic branching ratio of b hadrons has been
















, extracted by using a model based
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of charmless semileptonic B decays.
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Appendix
In the following, the input variables are ordered by decreasing discriminating power
according to the value of their \inertial part" [37] (expressed in %). This fraction gives







: The angle between the photon and the axis of the nucleated jet (see variable
G(4) for denition of this axis).
 G(2)
34:8
: The momentum of the photon.
 G(3)
23:4
: The angle between the lepton and the photon.
 G(4)
3:4
: The rapidity of the photon computed w.r.t. the axis of a nucleated jet
dened as follows [38]: the lepton is chosen as initial axis. Then, the momenta
of charged particles and photons of the lepton hemisphere are added to that of the
lepton, taking rst the particle which adds the least to the ` X invariant mass. The
addition is stopped when no particle can be added without increasing this invariant
mass to a value greater than 5 GeV=c
2
. Finally, the axis of this nucleated jet is







: Same as G(3).
 C(2)
32:6
: The track impact parameter divided by its error.
 C(3)
13:1
: Same as G(2).
 C(4)
9:9
: Same as G(4).
 C(5)
5:7
: Same as G(1).
 C(6)
5:1





The particles which enter the denition of the input variables V
IP
are selected in the









to the transverse (resp. longitudinal) momentum of a particle computed w.r.t. the lepton


























: Hadronic invariant mass of the charged particles.
 V(3)
8:0









: Charged particle multiplicity.
 V(6)
6:6
: Fraction of the reconstructed energy carried by the lepton.
 V(7)
4:6
: Sum of the rapidities of the charged particles w.r.t. the lepton axis.
 V(8)
4:5
: Energy of the lepton in the reconstructed b hadron rest frame.
 V(9)
4:4
: Rapidity of the most energetic particle computed w.r.t. the lepton axis.
 V(10)
4:3





: Transverse momentum of the second leading particle.
 V(12)
4:1
: \Directed Sphericity" [39] for particles 1, 2 and 3.
 V(13)
4:1































: Rapidity of the lepton w.r.t. the hemisphere axis.
 V(18)
3:4
: Lepton transverse momentum computed w.r.t. the b boost axis.
 V(19)
3:2
: Mass of the hadronic system X obtained with a nucleated jet algorithm.
 V(20)
2:5









The particles which enter the denition of the input variables V
0
IP
are selected in the




























































































































































~p(j)j where j runs over all the selected charged particles.
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